Abstract
Introduction
Age-related macular degeneration (AMD) is the principal cause of central visual loss in individuals over 55 years [1] . In neovascular AMD with choroidal neovascularization (CNV), damage to the outer retinal cells and retinal pigment epithelium (RPE) elicits a cascade of inflammatory and angiogenic responses that lead to neovascularization under the macula [2] . Vascular endothelial growth factors (VEGFs) are the most specific and crucial regulators of angiogenesis [3] . Ranibizumab, a high-affinity recombinant antigen-binding fragment (Fab) that neutralizes all isoforms of VEGF-A, blocks VEGF-A-induced angiogenesis, has been approved for intravitreal therapy for the treatment of neovascular AMD [4] . However, intravitreal therapies can bring rare but serious risks, such as endophthalmitis, vascular occlusions, crystalline lens injury, and increased intraocular pressure among others [5] . Tumor necrosis factor-alpha (TNF-α) is the prototypical member of a family of cytokines that also include FasL, CD40L, and TRAIL. These cytokines are involved in proapoptosis, proinflammatory responses, differentiation, and cell activation [6] . The concentration of TNF-α is elevated in several rheumatic diseases, such as rheumatoid arthritis, ankylosing spondylitis, Crohn's disease, and psoriatic arthritis [7] . TNF-α seems to participate in the pathogenesis of multiple types of uveitis [8] . Inflammatory cytokines, including interleukin 1 beta, interferon gamma, and TNF-α, increase the secretion of VEGF in RPE cells and choroidal fibroblasts [9] . TNF-α receptors are expressed in many cell types in the retina and choroid plexus, including the RPE, Müller cells, and choroidal vascular cells [2, 10, 11] . Systemic and intravitreal injections of anti-TNF-α administered alone or in combination with anti-VEGF drugs have been used to treat multiple eye diseases such as uveitis [12] [13] [14] , neovascular AMD [15] [16] [17] [18] [19] , diabetic macular edema (DME) [20] [21] [22] [23] , cystoid macular edema due to cataract surgery [22, 23] , branch retinal vein occlusion [23] , and central retinal vein occlusion (CRVO) [23] . The clinical results of these applications have been variable. Markomichelakis et al. [15] reported three cases of regression of CNV secondary to AMD in patients receiving systemic treatment with infliximab, an anti-TNF-α drug for inflammatory arthritis. All 3 patients had an increase in visual acuity (VA) after treatment. This sets a precedent for the use of anti-TNF-α in these types of ophthalmic patients. Here, we describe a patient with neovascular AMD who required multiple intravitreal injections of ranibizumab to maintain a precarious clinical stability, but for whom there was clear deterioration during 40 months of follow-up. However, after administration of subcutaneous adalimumab (Humira ® ) injections for concurrent Crohn's disease, her vision and the clinical appearance of her neovascular AMD improved significantly during the next 25 months.
In August 2008, a 64-year-old woman with no known systemic diseases visited the Fernandez-Vega Ophthalmological Institute, Oviedo, Spain, with metamorphopsia and a decrease of central vision in her left eye that had occurred over the preceding year. The bestcorrected visual acuity (BCVA) was 0.3 in the affected eye, and slit-lamp examination showed no alteration in the anterior segment. The intraocular pressure was 16 mm Hg in both eyes. Dilated fundus examination showed subretinal yellowish deposits and drusen in the macular area in both eyes. The deposits were associated with pigmentary changes in her left eye ( fig. 1a, left) . Fluorescein angiography showed no significant alterations in the right eye, but in the left eye, there was early macular hyperfluorescence that increased in the last stages of the angiography ( fig. 1a , middle). Indocyanine green angiography showed central hyperfluorescence throughout the examination ( fig. 1a, right) . Optical coherence tomography (OCT) of the right eye demonstrated only subfoveal drusen and some RPE disruption, whereas OCT of the left eye showed a macular central thickness of 237 μm and intraretinal and subretinal fluid associated with shallow RPE detachment and subfoveal deposits and drusen ( fig. 1b) . The patient was diagnosed with dry AMD in her right eye and wet-AMD in her left eye. We started treatment on the left eye with intravitreal injections of ranibizumab (0.5 mg once a month for 3 months). Subsequent booster injections (0.5 mg) were given according to the ophthalmological findings in follow-up visits in a pro re nata treatment modality. The right eye was evaluated at each visit to assess the stability of the dry AMD. After the initial doses of ranibizumab (August-October 2008) in her left eye, the patient experienced clinical improvement with the disappearance of the subretinal fluid ( fig. 2) , and her BVCA improved to 0.9. However, during the following 40 months, she experienced decompensation of the neovascular AMD ( fig. 2b, d , f), requiring rescue with eleven additional injections of ranibizumab (0.5 mg intravitreal) with intervals of 1-6 months. Improvement was maintained with BVCA ranging between 0.4 and 0.8. We decided not to switch to another antiangiogenic drug such as bevacizumab or aflibercept throughout the monitoring period because we believed that with ranibizumab the clinical response was quite good. In December 2011, the patient was diagnosed to have Crohn's disease, and began treatment with adalimumab (Humira ® ) (40 mg subcutaneously every 2 weeks) ordered by her rheumatologist (Hospital Universitario Central de Asturias, Oviedo, Spain), which is the standard treatment for this disease. For the next 25 months after the initiation of adalimumab treatment, the patient did not require any new injections of ranibizumab to maintain vision and clinical stability. Vision in her left eye maintained a VA of 0.7 from the first month after initiation of therapy with adalimumab, and no neovascular AMD activity was apparent ( fig. 3a-c) . The patient only required an annual booster injection of ranibizumab in 2014 and 2015 to maintain clinical stability associated with adalimumab.
Discussion
TNF-α has been implicated in the pathogenesis of inflammatory, edematous, neovascular, and neurodegenerative diseases of the eye [24] . Several anti-TNF-α drugs are currently available for the therapeutic management of these conditions, including infliximab (Remicade ® ), adalimumab (Humira ® ), etanercept (Enbrel ® ), certolizumab pegol (Cimzia ® ), and golimumab (Simponi ® ) [6] . Since introduction, anti-TNF-α drugs have been used by ophthalmologists to treat several ocular diseases 'off-label', i.e., out of the indications approved by a regulatory agency but which can be used in the context of compassionate therapy [6] (see Appendix 1). The anti-inflammatory effects of TNF-α inhibitors make these agents an obvious therapeutic alternative for treating noninfectious ocular inflammation, especially when conventional therapy has failed or carries the risk of adverse effects with chronic use [12] [13] [14] . One study reported positive outcomes without any ocular adverse events after intravitreal administration of infliximab in patients with chronic persistent noninfectious uveitis [13] . Another study reported that a single intravitreal injection of 1.0 mg/0.05 ml of infliximab controlled intraocular inflammation among patients with relapsing posterior uveitis associated with Behçet's disease [14] . Considering the inflammatory process underlying the development of AMD, anti-TNF-α therapy could potentially offer benefits for the treatment of this disease. In the present case, we believe that the observed BVCA and anatomical improvements can be attributed to subcutaneous systemic adalimumab administration as an anti-VEGF therapy adjuvant. This conclusion is supported by the fact that the patient did not attain optimal responses to the prior intravitreal ranibizumab injections, even after 14 doses. Several case studies have described treatment of patients with neovascular AMD using intravitreal anti-TNF-α therapy, albeit with variable outcomes [15] [16] [17] [18] [19] . However, to date, there have been no published studies of subcutaneous administration of adalimumab in patients with neovascular AMD. One study reported regression of three cases of CNV secondary to AMD in patients receiving intravenous administration of infliximab for inflammatory arthritis [15] . All three cases had an increase in VA. Arias et al. [16] conducted a prospective interventional trial of 4 patients with neovascular AMD that was refractory to anti-VEGF agents. Intravitreal infliximab was administered at a dosage of 2 mg but produced no visual or anatomical benefit. Furthermore, 2 of the patients in that study developed a severe intraocular inflammatory reaction. On the other hand, Theodossiadis et al. [18] described 3 patients with improved VA after treatment with intravitreal infliximab for neovascular AMD. Giganti et al. [19] used low-dose intravitreal infliximab (0.5 mg/0.05 ml) to treat 2 patients with neovascular AMD and 2 patients with DME. Pretreatment of all 4 patients included anti-VEGF therapy, and/or laser coagulation, and/or photodynamic therapy. The VA in only 1 patient with neovascular AMD improved. The other patients showed decreases in VA and developed intraocular inflammation. Wu et al. [20] conducted a multicenter and retrospective study in patients with DME. They treated 39 eyes with either intravitreal adalimumab (2 mg/0.1 ml) or intravitreal infliximab (1 mg/0.05 ml or 2 mg/0.1 ml). All patients had received at least three injections of VEGF inhibitors prior to receiving the TNF-α inhibitor. VA did not increase significantly in either the adalimumab or the 1-mg infliximab group after 3 months. In the 2-mg infliximab group, VA actually deteriorated. Macular thickness decreased in both infliximab groups but was unchanged in the adalimumab group. In the 2-mg infliximab group, 42% of patients developed severe uveitis that resolved with medical therapy and surgery. Sfikakis et al. [21] used intravenous infliximab to treat 11 patients with AMD that was refractory to laser treatment. They observed marked VA improvement in 8 eyes. A descriptive study found that in seven cases of refractory pseudophakic cystoid macular edema, a single intravitreal injection of infliximab (1.0 mg/0.10 ml) produced improvement of VA after 6 months [22] . In all cases, there was no intraocular inflammation. Several studies have investigated the potential role of TNF-α in the pathogenesis of eye diseases. Yoshimura et al. [25] collected vitreous specimens from the eyes of patients with diabetic retinopathy, CRVO, rhegmatogenous retinal detachment, and DME. They did not find elevated vitreous concentrations of TNF-α in any of these specimens. Suzuki et al. [26] analyzed the expression of cytokines in vitreous fluid and found a higher concentration of TNF-α in patients with CRVO than in patients with diabetic retinopathy. These studies do not support the hypothesis that TNF-α plays a major role in primary noninflammatory retinal diseases [25, 26] ; however, the choroid plexus or retina themselves might be the locus of increased TNF-α concentration, rather than the vitreous body [6] . In view of these studies [20] [21] [22] , it is not surprising that the results obtained following intravitreal administration of TNF-α inhibitors are so heterogeneous [6] . Intravitreal injection of infliximab could be effective for severe intraocular inflammation, but it does not appear to benefit patients with refractory AMD or partially responsive neovascular AMD. Nevertheless, infliximab can be of some benefit in cases of persistent noninfectious posterior uveitis and refractory pseudophakic cystoid macular edema [27] . Intravitreal injections of adalimumab do not appear to benefit patients with dry AMD or neovascular AMD. Intravitreal administration of adalimumab and bevacizumab in combination might be effective in the management of patients with partially responsive neovascular AMD and macular edema of various etiologies [27] . Nevertheless, further preclinical and clinical studies are necessary to obtain firm conclusions regarding the use of intravitreal anti-TNF-α drugs with anti-VEGF drugs in the management of retinal diseases. To our knowledge, this is the first report of recurrent wet-AMD that improved following subcutaneous administration of an anti-TNF-α drug, adalimumab, for the treatment of an associated systemic rheumatic disease. These findings are very important because the use of this drug could be beneficial for the treatment of neovascular AMD in selected patients, while avoiding both the high cost and the risks related to repeated intravitreal injections of anti-VEGF agents. Future clinical studies could determine if patients with wet-AMD but without rheumatic diseases would benefit from subcutaneous adalimumab anti-VEGF in association with intravitreal anti-VEGF.
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